Introduction
============

Biomarkers are in routine use in daily medical practice. Almost all sub-specialties of medicine benefit from the potential role of biomarkers either as diagnostic or prognostic markers \[[@b1]--[@b4]\]. Interleukin-8 (IL-8) is one of the important biomarkers \[[@b5]--[@b8]\]. There are many approaches like ELISA by which serum biomarkers levels are detected. However, all these approaches are laborious, time consuming and expensive. There is therefore a general need for exploring new detection technique which can overcome these drawbacks. The new technique should be specific, rapid in detection, highly sensitive, easy to perform and can be accommodated in daily medical practice.

Fluorescence correlation spectroscopy (FCS) is a technique basically used for spatial and temporal analysis of molecular interactions of extremely low-concentration biomolecules in solution. FCS is able to measure diffusion time of the molecules through the open detection volume and it can also measure the average number of molecules in the detection volume \[[@b9]\]. Because diffusion speed is correlated with shape and molecular mass of the fluorescent molecule, this property makes it possible to study the complex formation between a small fluorescently labelled and a large unlabelled molecule \[[@b10]\]. Although FCS was introduced first time in 1970s \[[@b11]\], in recent past research was focused to explore new applications of FCS which can be used in various subfields of medicine and molecular biology \[[@b12]--[@b15]\]. Here, we present a preliminary study for detection of serum biomarkers by FCS-based diagnostic technique.

Materials and methods
=====================

Reagents
--------

Monoclonal anti-IL-8 antibodies were purchased from ACRIS Antibodies GmbH (Herford, Germany). Antibodies belong to classes IgG1 and IgG2b (mouse), respectively. DyLight 488 (Labelling Kit 53025 from Thermo Scientific, Waltham, MA, USA) was used to label lysine residues of the anti IL-8 antibody Ab1. Purified recombinant human IL-8 (Meridian Life Sciences, Inc., Saco, ME, USA; Cat. A42208H) from host *Escherichia coli* consisting of 77 amino acids and molecular weight 8.9 kD was used in our experiments. PBS was used as diluting agent. Rhodamine 6 G was used for FCS pinhole adjustment. The measurement volume for each sample was 20 μl. All Samples were stored at --20°C. Serum Samples were supplied by cardiology department, AKH, Vienna, Austria. Samples were taken from healthy donors with written consent, under hygienic condition. For measurements, we used 10 nM molar solution of labelled antibody (Ab1-Dy), 40 nM solution of second antibody (Ab2) and 20 nM solution of the IL-8.

FCS setup and data analysis
---------------------------

FCS measurements (Principle in [Fig. 1](#fig01){ref-type="fig"}) were performed with a ConfoCor (Carl Zeiss, Jena, Germany), an Argon-Ion laser (Lasos, Jena, Germany; λ= 488 nm, 0.3 mW/cm^2^) and a water immersion objective (Zeiss C-Apochromat 63 × 1.2 W corr) and for light detection an avalange photodiode (APD, SPCM-AQR-13-FC; Perkin Elmer, Waltham, MA, USA). Pinhole diameter was set to be 35 μm.

![FCS instrumentation. On the left-hand side, there is a schematic FCS setup (A). The pinhole cuts out a defined focal element from the laser focus (B) and fluorescence signals from fluorescent entities are recorded by the single-photon detector, resulting in a fluorescence trace (C).](jcmm0015-2706-f1){#fig01}

Fluorescence was detected through a dichroic mirror (\>510 nm) and a band pass filter (520--570 nm.). The excitation light was focused by the objective into an eight-chambered coverglass (LabTec, Nunc, Germany) containing 20 μl of the sample. The signal was processed by a hardware correlater with 288 logarithmic channels and sampling times between 200 ns and 3400 s. (ALV-5000, ALV, Langen, Germany). Samples were measured 15 times for 10 sec. at room temperature.

To analyse the data, the autocorrelation function (ACF) was calculated and fitted with the following model (G~(t)~) which accounts for translational diffusion and triplet decay:

where *N* is the number of fluorescent molecules in the focus volume, *D* the diffusion coefficient, ω~1~ the radius of the focus volume horizontally to the direction of the incoming laser beam and ω~2~ the focus diameter parallel to the incoming laser beam. *T* is the portion of excited molecules in the triplet state. τ~*T*~ is the life time of the triplet state. The mean diffusion time τ, at which the ACF has the half-maximum value results from the fit procedure.

Result
======

The molecular weight of IL-8 is in the order of 8.9 kD and considerably smaller than that of an antibody (MW ca. 150 kD); therefore, we used single and also two primary monoclonal anti IL-8 antibodies, one binding at the N-terminus and the other at the C-terminus. One antibody was labelled with DyLight 488 dye (Thermo Scientific). Human anti-IL-8 antibody was labelled with DyLight 488 according to manufacturer's instruction. Labelled antibody was incubated for 15 min. in pure serum and serum diluted with 50% v/v PBS (pH = 7.4) at room temperature.

FCS is based on the principle that fluorescing molecule shows a specific free diffusion velocity that is correlated with its size. According to this principle, the smaller the molecule, the faster it will diffuse through a given spherical volume. Statistical deviations of the fluctuations in fluorescence were used to study dynamic molecular events, such as diffusion.

The difference in the diffusion time of an entity consisting of antibody and the molecule of interest, and that of the labelled antibody is used to discriminate between the two species. Diffusion times were measured for labelled antibody in both pure serum and diluted serum samples with 50% PBS (v/v = 1:1). Later, purified recombinant human IL-8 (Meridian Life Sciences, Inc., Cat. A42208H) was incubated for 15 min. with labelled antibody in both pure and diluted sera at room temperature by shaking at 1000 rpm by an Eppendorf Thermomixer (Eppendorf, Vienna, Austria). Recording times for each measurement was 10 sec. and were repeated 15 times. A large number of measurements were performed to study various aspect of this potential technique. Readings with high-intensity fluctuations mainly due to aggregates were excluded for final data evaluation.

The number and diffusion coefficient of fluorescent particles which diffuse through the focus volume are extracted by application of the ACF. Increase in diffusion time was observed for antigen--antibody complex in both pure and diluted serum samples as compared to diffusion time of only labelled antibody ([Figs 2--4](#fig02){ref-type="fig"}). However, increase in diffusion time was more significant in case of diluted serum samples with 50% PBS (v/v = 1:1) as compared to pure serum samples. Significant increase in diffusion time was also observed after addition of the second antibody as compared to only antigen--single antibody complex in diluted serum samples ([Figs 3](#fig03){ref-type="fig"} and [4](#fig04){ref-type="fig"}). We found no difference in diffusion time irrespective of incubation times. Overnight incubation yielded same results as compared to 30 min. incubation time. We found same results with 10 and 20 sec. recording times. We propose that dilution of serum sample with PBS decreases viscosity of serum and is more suitable for this FCS technique as compared to pure serum.

![Typical ACF of IL-8 Antibody-DyLight488 in diluted serum.](jcmm0015-2706-f2){#fig02}

![Typical ACF of IL-8-Antibody-DyLight488 + IL-8 AG in diluted serum.](jcmm0015-2706-f3){#fig03}

![Typical ACF of IL-8-Antibody-DyLight488 + 2nd IL-8-antibody +IL-8 AG.](jcmm0015-2706-f4){#fig04}

Discussion
==========

Due to the high significance of biomarkers in clinical practice, research is going on to design better tools which can detect biomarkers rapidly, are less laborious and require less reagents. Here, we present a preliminary study for detection of serum biomarkers by FCS-based diagnostic technique.

From our preliminary study, we have shown that FCS is capable of being used as an alternative biomarker detection technique. There are many advantages associated with our proposed technique. Our proposed FCS-based technique works directly in solution, needs only some microlitres of sample. A single sample can be measured within a few minutes of processing time, which makes this a fast detection tool which can provide rapid results. Thus, the status of biomolecules in serum can be assessed from tiny sample volumes by repetitive sampling. Our proposed technique is cost effective and less laborious as compared to other conventional methods. Unlike ELISA, no washing steps are required for measurement. Also, in comparison to ELISA, this technique takes less time to interpret the result. Also, it is not dependent on long incubation periods as required by other methods. There is no requirement for many chemicals like enzymes, substrates, stop solutions and preservatives as in case of ELISA.

Our proposed technique should be extended further to other serum biomarkers. We suggest performing clinical studies which can compare this technique with ELISA in various pathophysiological conditions which are beyond the scope of this manuscript. Design of high affinity probe may be difficult although ELISA probe can be used as an alternative. In FCS measurement, detection efficiency rests on difference in diffusion times at least by a factor of 2; a demand often met due to the high non-globular shape of the complex. Currently the FCS setup is expensive, which demands development of a less expensive FCS setup in the near future. Furthermore, efficacy of this technique can be raised by making it automated. All these measures will facilitate the inclusion of this promising technique in routine medical clinics.
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